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The PUD! 
• Public utility in 

Washington State, 1936 
• 1,988 MW nameplate 
• Two dams, three 

powerhouses on the 
Columbia River 

• One dam and 
powerhouse on Lake 
Chelan 

• Total generation – 9,000 
GWHr 

• 48,000 electric 
customers 

• Ages from 1928 to 2011 
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Rock Island 
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Puget Power 
Oldest plant on the 
Columbia River – 
1933 
 
First Powerhouse 
4 – propellers 22MVA 
6 – Kaplan 25MVA 
2 units rehabilitated 
2008 - 2010 
 
Second Powerhouse 
added 1979 
8 – bulbs 54MVA 
 



Rocky Reach 
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Initial construction  
1956 - 1961 
7 – Kaplan 108MVA 
 
Rehabilitated and 
uprated  to 120MVA 
1997 – 2003 
 
Expanded in 1968 – 1971 
4 – Propellers 132MVA 
 
Rehabilitated, converted 
to Kaplan and uprated to 
148 MVA 
1998 – 2003 
 
 



Chelan Hydro 
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Washington Water 
Power  
1926 – 1928 
 
2 – Francis 28MVA 
 
Acquired 1955 
 
Rehabilitated 2009 - 
2011 
 
Uprated to 37MVA 
 



Unit Rehabilitation Decisions 

Equipment is aging 

Equipment still runs 

• Management wants an IRR or NPV 

– What’s it based on? 

– All future generation? 

– No future generation? 

– Only the generation increase? 
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Traditional Approach 

• Quantify increases: 

– Capacity 

– Efficiency 

– Fish benefits 

– Green value 

• Enter into Economic Model 
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Economic Model 
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Insert revenues or benefits 

Costs 

Results 



Sample Case 
• Four 65 year old vertical Kaplan Turbines 

• Issue -  The generators are near end of life, 
rotor-stator contact is likely. 

• Alternatives: 

– Rehab the generator now, turbine later 

– Complete rehabilitation now 

• Two runner options 

– Rebuild 

– New with increased capacity 
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Results – 10% Efficiency Increase 
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Rehabilitation Result With Energy 
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Traditional Approach Results 
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Recommendation:  Replace generator, wait on the turbine. 



Problem 
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• Without energy, value of increased capacity 
and energy is not sufficient – negative NPV 
and IRR 

• Assumes all value of energy after 
rehabilitation 

• What about age and condition of the unit? 

• What about risk of not doing the turbine? 



Problem - Ignores Risk 
• It will fail, but when and 

how? 

• Run to Fail is an option 

• Can you accept the 
consequences? 
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Failure and Consequence Analysis 
• Identify likely failures 
• Identify consequences 
• Quantify effects 
• Include in model 
 



Risk/Value Based Approach 

• Value of continued operation 

• Cost of forced outage 
– Lost energy/capacity/flexibility 

– Disruption 

– Reputation 

• Collateral impacts 
– Physical damage 

– Workforce 

– Contracts 

1
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Model Development 

Step 1 – Define Alternatives 
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Step 2 – Define Values 

Step 3 – Risk Evaluation 

Step 4 – Build Model 

Step 5 – Turn the Handle! 



Step 1 – Define Alternatives 
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1 Run To fail and … 
1a Retire  

1b Rehabilitation  

1c Rehabilitation with New runner  

2 Generator now, turbine later and … 
2a Retire  

2b Runner rehabilitation  

2c New runner  

3 Complete rehabilitation, reuse runner  

4 Complete rehabilitation, new runner  



Step 2 – Define Value 

• Increased generator efficiency 

• Increased turbine efficiency, two runner 
options 

• Increased capacity 

• Increased operating flexibility 

• Green value of increased efficiency/capacity 

• Avoided risk 
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Step 3 - Risk Evaluation 

• Forced versus planned outage 
– Length 
– Disruption  

• Risks - rotor stator contact  
– Major – generator is wiped out, some collateral 

damage, $5,000,000  
– Minor – only parts to be rehabilitated are damaged, 

collateral damage limited to disruption, $500,000 
– Catastrophic failure – Significant shaft damage, 

turbine collides with discharge liner, headcover 
rupture, flooded powerhouse, $25,000,000 
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Step 4 – Build Model 

• Build out economics for each alternative 

• Assume rehabilitation date (planned) 

• Decision tree provides optimum decision 

• Model failures 

– Modes 

– Probabilities 

– Consequences 
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Uses Economic Spreadsheet 

21 

• Spreadsheet model for each alternative 

– Plus one for operating time (value) prior to 
failure or rehabilitation 

Economic Justification Model Service life 40  Discount Rate       7.0% 

Run To Failure, year 2021 General inflation rate-future benefits & costs 2.5% 

period 

= 0 1 2 3 4 5 6 7 8 

Benefits  (1) Input Input scale 

Real 

growth 2015 2016 2017 2018 2019 2020 2021 2022 2023 

Revenue est 2021 

 $  

1,491,396  100% 0.5%   1,377,127  1,436,443  1,479,934  1,491,396  1,522,459  0  0  0  

Revenue-Add'l energy option 3 yes 10.0%       56,462  58,894  60,677  61,147  62,421  0  0  0  

Revenue-Add'l energy option 4 no 8.0%       0  0  0  0  0  0  0  0  

Include Encroachment % of 

Revenue? yes 36% 0%     0  0  0  0  0  0  0  0  

Powerex contract value YES 

 $     

315,000    0.5%   316,575  318,158  319,749  321,347  322,954  0  0  0  

REC value no  $              -      0.5%   0  0  0  0  0  0  0  0  

Cost if B1 - B4 Retired  $              -        0  0  0  0  0  0  0  0  

Value if U unit is out 

 $     

400,000  0.5%   0  0  0  0  410,101  0  0  0  

Value if C unit is out 

 $     

125,000  0.5%   62,813  126,253  126,884  127,519  64,078  0  0  0  

                  

Subtotal of Benefits (2) 0  1,812,976  1,939,748  1,987,244  2,001,409  2,382,013  0  0  0  

Costs  (1) 

1. Stator, Exciter, Controls, 

Greaseless turbine pit 2021 0 0 0 0  0  0  0  0  0  0  0  0  

2. Add rotor rim and pole 2021 0 0     0  0  0  0  0  0  0  0  

3. Add runner rebuild 2021 0 0     0  0  0  0  0  0  0  0  

4. Use new runner 2021 0 0     0  0  0  0  0  0  0  0  

Contingency 2021 0 0     0  0  0  0  0  0  0  0  

Rotor rim & pole replace 2021 0 0                     

Rehab old turbine and hub 2021 0 0                     

Retirement Costs 2021 0 0   0  0  0  0  0  0  0  0  0  

Backout inflation, Andritz fixed $, 

except new runner 76% 0 0   0  0  0  0  0  0  0  0  0  

Add PUD real growth 24% 0 0 2.0% 0  0  0  0  0  0  0  0  0  

Retirement Costs 2021 0 0   0  0  0  0  0  0  0  0  0  



Decision Tree Method 

• Uses separate economic model for each 
alternative 

• Incorporates decisions and risks 

• Mathematically models the alternatives, 
shows optimal decision path 

• Not real $ 
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Sample Case 

• Issue -  The generator is near end of life, rotor-
stator contact is likely. 

• Alternatives: 

– Run to Failure, then rehabilitate 

– Rehabilitate the generator now, turbine later 

– Complete rehabilitation now 
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Sample Case Assumptions 
• First Unit Rehabilitation - 2016  
• Rehab Frequency - 1 years  
• Failure year, after - 1st 2018  
• Failure frequency, years - 1  
• Probability a unit fails before rehab  

– B8 25%, B7 16%, B6 4%, B5 9%  

• Cost of Unit Failure  
– Catastrophic  $ (25,000,000) - 1% 
– Major  $ (5,000,000) - 50% 
– Minor  $ (500,000) - 49% 

• Cost of turbine failure  
– Major  $ (2,000,000) - 1%  
– Minor  $ (500,000) - 99% 
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Decision 
Tree 
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Decision 
Tree 
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Static Results 
(based on assumptions) 
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Not Real Money! 
Recommendation:  Complete Rehabilitation, reuse runner 



Includes Risks, but Wait! 

• Static values –  

– Best judgment of when and how severe  

– Or is it? 

• Evaluate Static Values 

– Monte Carlo Simulation 

– Sensitivity Analysis 

29 



Monte Carlo 

• Input – range or distribution of values 

• Simultaneous variations 

• Requires good model and computer 

• Really tough by hand 
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Input 
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Output 
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Sensitivity 

• Vary Range of Input 

• Find out what makes the decision different  

– and by how much 

• One-way 

• Two-way 
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Sample Case Sensitivities 
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One-Way on Risk 
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Figure 1 Sensitivity to Consequence of Catastrophic 
Failure 
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Figure 2 Sensitivity to Probability of Catastrophic 
Failure 
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Two-Way 
Risk of Catastrophic Failure 
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Risk/Value Approach 

• Incorporates risk of failure 

• Quantifies discussion of “when will it fail?” 

• Condition as an indicator of risk of failure 
becomes part of the equation 

• Quantifies risk of delay 

• Utilizes Excel and macros or add-in 
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Comparison 

• Traditional approach 
– Without energy – negative economics 

– With energy – recommended generator now, 
turbine later (ignores risk) 

• Risk/Value approach 
– Quantifies risk of delay 

– Values Run to Failure 

– Recommends generator and turbine based on 
turbine risk 
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